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(54) Method and apparatus for optimizing, in the presence of failure, the availability of low-priority 
channels in a transmission fiber optic transoceanic MS-SP ring 

(57) A method and apparatus for optimizing, in the 
presence of a failure, the availability of low-priority chan- 
nels in a transmission fiber optic transoceanic MS-SP 
The method according to the present invention provides 
for selecting which of the low-priority channels can be 
maintained and which, on the contrary, are to be pre- 
empted for the benefit of the high-priority traffic. Advan- * 
tageously, according to the present invention, all the 
traffic management operations are carried out simulta- 
neously with the high-priority traffic switching. 
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Description 

[0001] The present invention relates to the field of fib- 
er optic transmission and in particular the field of fiber 
optic transoceanic MS-SP ring communication net- s 
works. Still more in particular, it is concerned with a 
method of optimizing the availability of the low-priority 
channels in a transmission fiber optic transoceanic MS- 
SP ring. 

[0002] In present telecommunication networks it has io 
been becoming extremely important to have the possi- 
bility of automatically overcoming the failures possibly 
occurring in the networks themselves by optimizing the 
installed traffic restore. Such a need is of course much 
more felt in transoceanic rings wherein the so called is 
"path", i.e. the bi-directional interconnection between 
two nodes of the transoceanic ring or between a node 
of the transoceanic ring and a node of another ring ad- 
jacent thereto, is generally very long, on the order of 
thousands kilometers. In these types of rings, still be- 20 
cause of the very long distances at stake, the time nec- 
essary to repair the failure can be very long and there- 
fore the occurrence of further failures during these long 
time intervals can not be excluded. 

[0003] Ring topology with MS-SP ring protocol pro- 25 
vides the subdivision of the available bandwidth into two 
parts: the channels dedicated to normal traffic (high-pri- 
ority, or HP, channels) and the channels dedicated to 
Extra Traffic (low-priority, or LP, channels). Normal traf- 
fic is constituted by valuable paths that are protected 30 
from the possible occurrence of failures substituting for 
the Extra Traffic. Extra Traffic is constituted by less im- 
portant paths that, in the presence of a failure, may be 
pre-empted to carry normal traffic. 

[0004] Differently from terrestrial MS-SP ring proto- 35 
col, the transoceanic application provides for a ring 
switching mechanism that does not occupy the overall 
correspondent protection bandwidth. Hence this protec- 
tion mechanism permits of maintaining part of the Extra 
Traffic when the ring is subjected to a failure; however 40 
this does not occur instantaneously but only after a cer- 
tain time interval during which the LP traffic is lost. 
[0005] The above problems have been faced only in- 
cidentally in the ITU-T Recommendation G.841 that 
merely recommends the use of the existing protocol for 45 
terrestrial application and the increase of the switching 
action at all the ring nodes. Hence, in practice, as in con- 
ventional rings, it is provided that all the extra traffic is 
pre-empted during switching operations and only in a 
successive time such pre-empted extra traffic can be re- so 
established on the protection channels not used to re- 
store the normal traffic. 

[0006] It is the main object of the present invention to 
provide a method of selectively switching the low-priority 
connections (LP connections) and carry out the switch- ss 
ing only over those LP channels really necessary for 
temporarily providing high-priority traffic (HP traffic) in 
case of failure. In other words, the main object of the 



present invention is to maximize the number of LP paths 
that can be maintained, hence to nullify the time during 
which the LP paths to be maintained are temporarily 
lost. 

[0007] A further object of the present invention is to 
avoid misconnections (even though temporary) during 
switching and restore operations. 
[0008] These and other objects are achieved by a 
method having the features set forth in the independent 
claim 1 which is intended to be an integral part of the 
present description; further advantageous features of 
the method are set forth in the dependent claims, which 
are to be considered as an integral part of the present 
description, too. 

[0009] Contrary to what is suggested by the aforesaid 
Recommendation, the extra traffic not involved in the 
switching/restore procedure is never lost, to the advan- 
tage of the overall performances of the transmission 
system. The LP paths over which the switching does not 
occur are left in their time slots and are not subjected to 
any action. 

[0010] The invention will result in being clear after 
having read the following detailed description given by 
way of an illustrative and non limiting example, wherein 
the various figures show: 

Fig. 1 shows a transoceanic ring with protection fib- 
er and working fiber where a failure interrupting the 
original HP path occurs andthus the HP traffic must 
be re-routed over the protection channel; 
Fig. 2 illustrates the first phase of the ring switching 
mechanism; 

Fig. 3 illustrates the second phase of the ring 
switching mechanism; 

Fig. 4 illustrates the various phases of the ring re- 
storing mechanism; 

Fig. 5 shows the subdivision of the main functional 
blocks of the equipment for implementing the meth- 
od in accordance with the present invention; and 
Figs. 6a-6d show possible multiple ring failure con- 
ditions. 

[0011] Naturally, like reference characters (numerals, 
letters or abbreviations) have been used throughout the 
figures to designate like parts or functionally equivalent 
parts. Conventionally, in the transoceanic MS-SP ring 
illustrated in the Figs. 1 to 4, the working channels or 
fibers (HP) are those indicated by gray arrows, the pro- 
tection channels or fibers (LP) are those indicated by 
white arrows. A hatching with longer dashes indicates 
an insertion or addition step (e.g. in Fig. 2, an AIS is 
inserted at node A and a pass-through is executed at 
nodes B, C and D), while a hatching with shorter dashes 
indicates a deletion step (with reference e.g. to Fig. 4, 
pass-through is removed at the intermediate nodes, 
switching is removed at node E : etc.). 
[0012] The method in accordance with the present in- 
vention provides that all nodes of the transoceanic ring 
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(R) have HP traffic maps. In this manner, during the ring 
switching, HP traffic and LP traffic are analyzed and, de- 
pending on the failure location, each ring node (the one 
F adjacent to the failure, and the intermediate ones A, 
B...) knows if the HP and LP traffic inserted thereinto or 
extracted therefrom is affected by the failure. As far as 
the HP traffic is concerned, there is the need to deter- 
mine whether the path is affected by failures and there- 
fore must be re-routed on protection channels. Similarly, 
as far.as the LP traffic is concerned, there is the need 
to determine whether the path can be maintained or it 
will be. lost because occupied by HP traffic. 
[001 3] For a good operation, the switching and restor- 
ing mechanisms provide for a series of operations 
(bridge, switching, AIS forcing) carried out on several 
nodes of.the ring in a synchronized way in order to avoid 
temporary misconnections on the HP and LP connec- 
tions. 

[0014] The ring switching mechanism (RSM) will be 
at first taken into account with reference to Fig. 2 (first 
phase) and Fig. 3 (second phase). 
[0015] The switching of a HP path, in a transoceanic 
application by means of the method according to the 
present invention, consists in dynamically building a 
new path on a portion of the ring by using the corre- 
sponding time slot of the protection channels. This must 
be done without causing any misconnection on the lost 
LP paths occupying the same channels and on the HP 
connection itself in reconstruction phase. The basic ring 
protection involves all nodes in two sequentially distinct 
phases: a first phase (I) of building the new HP path by 
using .the protection channels, and of pre-empting such 
LP paths; and a second phase (II) of restoring the HP 
path. In order to avoid misconnections, it is provided that 
a node can carry out the second phase only if ail nodes 
have completed the first phase. This happens when a 
signaling mechanism between the ring nodes exists 
(APS protocol provided by the aforesaid Recommenda- 
tion) and the signaling has passed through all nodes (a 
node should receive a response signaling from the other 
node adjacent to the failure). 

[0016] If the signaling evolves from the nodes closer 
to the failure toward the farther nodes following the re- 
built HP path from the insertion point (node A) to the 
drop point (node E), the above phases I and II of the 
RSM are constituted by the following steps, respective- 
ly: 

RSM Phase I 
[0017] 



empted); 

1.2) :at all the intermediate nodes (B-D) of the new 
HP path, executing a pass-through connection (i.e. 
leaving traffic pass in a transparent way), to inter- 

5 connect the new HP path (by this operation it may 
happen that the AIS forced on the insertion node 
arrives at the other LP paths to be pre-empted); and 

1.3) :at drop termination node E of all the LP paths 
to be pre-empted, carrying out a squelching opera- 

io tion (equivalent to AIS forcing toward the tributary 
channel). 

RSM Phase II 

is [0018] After that all the drop termination nodes of the 
pre-empted paths have inserted an AIS it is possible to 
use the protection time slots for carrying the HP path. It 
is anyway to be noted that all the LP traffic management 
operations are carried out substantially simultaneously 
with the HP traffic switching. . 

11.1) : at HP path insertion node A, carrying out a 
bridge operation and then removing the previously 
inserted AIS (if on the corresponding drop node E 
the switching operation was already executed - step 
II. 2 -, the HP path would be restored); and 

11. 2) : at HP path drop node E, carrying out a switch- 
ing operation (if the bridge operation was not yet 
executed at the corresponding insertion node A, the 
connection would receive the AIS forced by the in- 
sertion node itself. When the bridge operation has 
been carried out, the HP path is restored). 

If the signaling among the ring nodes is not se- 
quential along the rebuilt HP path, for instance in 
the event of multiple ring failures, it is not assured 
that the new HP path is built starting from the inser- 
tion node up to the drop node (steps 1.1 and 1. 2 are 
no longer temporally successive): the pass-through 
operation carried out at intermediate nodes could in 
fact occur before the AIS forcing action carried out 
at the insertion node or the squelching carried out 
at the drop node. Thus a pass-through operation 
could interconnect two LP paths without the pres- 
ence of AIS on the flow, hence resulting in a tem- 
porary misconnection on a LP path. 

Therefore, in order to avoid misconnections in 
the presence of multiple failures, the pass-through 
operation at intermediate nodes should be preced- 
ed by an AIS forcing action on the transmission 
side. In this case, step 1 .2 for all intermediate nodes 
(B-D), should be modified as follows: 



25 



30 



35 



40 



45 



1.1 ):at the HP path insertion node A, AIS (Alarm In- 
dication Signal) forcing on the corresponding time 
slot of the protection channel in the direction that 55 
will be followed by the new HP path (in this way, if 
the time slot in question is not available but it is car- 
rying an LP path, it sees the AIS and will be pre- 



L2'): executing an AIS forcing action on the cor- 
responding protection time slot at the transmis- 
sion side and then executing a pass-through 
connection to interconnect the new HP path. 

Accordingly, a new step (II. 3) must be added to 
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steps 11.1 and II. 2 as follows: 
II. 3): at the intermediate nodes ot the new HP path, 
removing the previously inserted AIS (this operation 
is carried out to get tree the new HP path, thus al- 
lowing the signal flow). s 

[0019] Having fully described the switching mecha- 
nism of the ring R, the relating ring restoring mechanism 
(FIRM) now will be described. 

[0020] The restore of a HP path in a transoceanic ap- io 
plication by means of the method according to the 
present invention consists in the reconnection of the 
original HP path and in the re-building with restoring of 
the previously pre-empted LP paths. This must be done, 
obviously, without causing any misconnection on the HP is 
path and on the restored LP paths. The basic principle 
of ring restoring mechanism involves the various ring 
nodes in three sequentially distinct phases (see Fig. 4): 

III) : reconnection of the HP path on the working 20 
channels; 

IV) : deletion of the HP path on the protection chan- 
nels and rebuilding of the original LP paths; and 

V) : restoring of LP paths. 

25 

[0021] In order to assure a correct operation, once 
more a node may carry out the operations associated 
with one phase only if all the ring nodes have already 
completed the operations of the previous phase. This 
occurs when a signaling mechanism exists among the so 
ring nodes (APS protocol mentioned above) and a sig- 
naling crosses all nodes (a node receives the own trans- 
mitted signaling from the other side). As an alternative, 
the operations of a phase can be tied to a timer whose 
duration must be sufficient to guarantee that the signal- 35 
ing has reached all nodes. 

[0022] More in detail, the above phases I, II and III of 
RRM provide for: 

RRM phase III 40 
at HP path drop node E, carrying out a removal-of- 
the-switching operation by reusing the provisioned 
HP path received on the working channels (in this 
manner, the HP path is reconstituted. Restored HP 
path is disconnected and the protection channels 45 
can be reused to carry LP paths); 
RRM phase IV 

at HP path insertion node A, carrying out a removal- 
of-the-bridge operation and, at intermediate nodes 
(B-D), a removal-of-the-pass-through operation (in so 
both cases the operations consist in reconnecting 
on the protection channels the provisioned LP con- 
nection on the node (insertion, pass-through or not 
equipped). The provisioned LP paths are re-built 
from the insertion node A up to the drop node E); ss 
and 

RRM phase V 

at LP path drop node E, removing the squelching 



action (AIS unforced on tributary side). After such a 
phase the LP paths are completely restored. 

[0023] The case (shown in Figures 6a-6d) of multiple 
failures in the ring R will now be taken into consideration. 
In transoceanic application multiple ring failures do not 
splitthe ring into multiple subrings as occurs in non-tran- 
soceanic application but the ring will be segmented into 
a set of linear insert/drop chains which are separated by 
cable failures. 

[0024] On a ring involved in ring protection for one or 
more ring failures, the occurrence of another ring failure 
always determines the loss of some other HP traffic: on 
one end the HP paths affected by a new failure that can- 
not be restored because also the other way on the ring 
is interrupted for the presence of other failures; and on 
the other end the restored HP paths affected by the pre- 
vious failures for which the restored path now results 
interrupted by new failure. Traffic which is in this condi- 
tion is lost because both the two possible ways travelling 
the ring are blocked. 

[0025] So it is useless to restore in the first case and 
to maintain HP restoring on protection channels in the 
second case. For the last ones getting free the protec- 
tion channels, some provisioned LP traffic not more in- 
volved by failures may be again available. 
[0026] In this condition the LP traffic may be subjected 
to one of the following situations: 

LP path is affected by one or more failures FL (Fig. 
6a); 

LP path is not pre-empted since, due to a first failure 
FFL (not affecting the HP path) and a second failure 
SFL, it is not possible to use that LP path for HP 
traffic (Fig. 6b); 

LP path, which was pre-empted for HP traffic after 
the first failure FFL, is restored for LP traffic after 
the occurring of a second failure SFL (Fig. 6c); or 
LP path is used for switching the remaining HP traf- 
fic affected by two failures FL (Fig. 6d). 

[0027] In order to know which are the LP paths not 
interrupted by the failures it is necessary to elaborate 
reduced LP traffic maps of the ring. In order to avoid 
heavy processing overhead of LP traffic maps and to 
perform uniform switching operations during appear- 
ance and clearing of ring failure, the selected options 
are the following: 

maintaining only the restored HP paths which are 
not interrupted by the failures; or 
restoring all the provisioned LP paths on the protec- 
tion channels no more used for HP restoring inde- 
pendently from the effective reconstitution of the 
path (present failures interrupt part of the LP con- 
nections). 

[0028] In this manner, the non interrupted LP paths 
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are again available; amongthe remaining interrupted LP 
paths some of them wilt again be re-connected automat- 
ically as soon as a failure clears. 
[0029] On a ring involved in ring protection for two or 
more ring failures, the clearing of any ring failure deter- 
mines the capability to re-obtain some other HP traffic: 
on one end the HP paths no more directly affected by 
the cleared failure; on the other end the HP paths affect- 
ed by the remaining failures for which the restored HP 
path on protection channels is no more interrupted. 
[0030]:. In case of cleared failure, the situation on the 
ring could be: 

some restored HP paths on protection channels are 
maintained because the provisioned HP path is 
surely still atlected by remaining failures (with mul- 
t pic nog iriiiures a restored HP path implies that the 
provisioned hp path crosses all present ring fail- 
ures . 

sj^tm; piy/i5><jMt?d HP paths no more affected by 
1 rt't.- 1.- connected without any switching op- 
e..v*.>* ■ ;/'pvi .-uisiy during appearance of a ringfail- 
■jm c,-"r^K*icng provisioned HP path was re- 

*_c*Tic j.fcr^co HP paths still affected by re ma in- 
to J t.-»ilu' Oi. «-»ro ( OC tored on protection channels (this 
occurs. ont> io* -no paths which have restored HP 
p^tr. o»i prcKtx-tton channels no more interrupted on 

prov«smnr*cj t P paths no more affected by failures 
rind net pre empted for new HP restoring are re- 
connected without any switching operation (previ- 
ous v during appearance of ring failure all the LP 
pwths no! involved in ring switching was re-consti- 
Utcdi 

[0031] With one or more ring failures already present 
on the ring nnoincr ring failure causes a partial ring re- 
storing operation involving the HP paths that can no 
more be restored via protection channels on the other 
way. 

[0032] With two or more ring failures occurred on the 
ring., the clearing of a ring failure causes a partial ring 
switching operation involving the HP paths for which the 
restored path on protection channels is no more inter- 
rupted. 

[0033] Fig. 5 illustrates the subsystem of a transoce- 
anic MS-SP ring protection mechanism which manages 
a network element with the method in accordance with 
the present invention. The function is realized through 
a transoceanic MS-SP ring manager (TMM, the active 
part of the mechanism) and, depending on the architec- 
ture of the network element (NE), one or more distribut- 
ed transoceanic MS-SP ring actuators (TMA) located at 
each node of the ring, with said actuators forming the 
passive part, which carry out the operations upon com- 
mand from the manager TMM. Still in Fig. 5, PM desig- 
nates a block managing a transoceanic MS-SP ring pro- 



tocol e.g. a 4-fiber ring. Such block determines the sta- 
tus of the node in relation to the other ring nodes by 
processing the k-bytes received from both sides of the 
equipment, possible alarm conditions of the line section 

s terminations and possibly the commands (which can be 
also simulations) received from an Operational System 
(OS) or, as an alternative, from a standard remote Craft 
Terminal (CT). Depending on the manner in which it 
evolves, it determines the k-bytes to be transmitted for 

io the other nodes. The protocol machine block (PM) of a 
node, in turn, sends also k-bytes to the other ring nodes 

(K*)- 

[0034] Block FLM (Fig. 5) is the main block of the 
above-mentioned transoceanic manager which allows 

is the realization of the method in accordance with the 
present invention: it receives the high-level events from 
block PM and decides which action is to be taken on the 
information flows in order to obtain the protection; more- 
over, by analyzing the source and destination node iden- 

20 tifiers on the received k-bytes, block FLM is capable of 
determining the failure location in the ring. In other 
words, block FLM generates data for the transoceanic 
actuators, concerning the position of failure and com- 
mands to undertake. TMM further comprises block 

2B TSM. Block TSM, that processes data concerning the 
position of the failures, individuates which time-slots are 
involved in a particular switching operation. It receives 
data from block FLM and, in turn, sends the AU4 tables 
to a block, designated as GAM, which is substantially 

30 the transoceanic MS-SP ring actuator (TMA). 

[0035] Block GAM, which processes data concerning 
commands to be given, carries out the switching oper- 
ations directly scanned by block FLM only on time slot 
signaled by TSM by acting directly on the ASICs (other- 

35 wise called Gate Arrays). 

[0036] Block FLM comprises two main routines, the 
first one called Fa ult_Locator and the second one called 
Delta_Bs. The first routine receives the signaling of the 
MS-SP ring k-bytes, processes these data to under- 
go stand the location of failure and communicates this in- 
formation to TSM. The second routine receives events 
from PM, processes these data to individuate the steps 
of the protection mechanism and communicates to GAM 
the operations to be carried out. 

45 [0037] The Fault_locator routine, by processing input 
data such as "k-bytes signaling", "Local Command to 
NE" and "Local Fail to NE", and : according to the situa- 
tion, it generates FAULT LOCATION information for 
TSM task. The node failure and/or segmentation is sig- 

50 naled by two successive ring failures on adjacent nodes. 
[0038] The FLM algorithm executes the following 
steps: i) it reads the source network element from 
K_bytes incoming from East side of the NE, thus indi- 
viduating the last reachable network element towards 

55 East side; ii) it reads source network element from 
K_bytes incoming from West side of the NE, individuat- 
ing the last reachable NE towards West side; iii) it con- 
siders the local Fail and Commands; iv) it determines 
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one of the following situations: NO FAIL, SINGLE FAIL, 
NODE FAIL, and SEGMENTATION RING and v) it 
stores the situation in a table. 

[0039] As to the Delta_BS routine, it substantially re- 
ceives as input data from the protocol machine PM the 
status corresponding to phases I, II, III, IV and V on all 
the ring nodes, on the nodes adjacent to the failure or 
on the intermediate nodes only. The algorithm elabo- 
rates the above data and generates towards GAM the 
following operations to be executed: a) AIS forcing to 
pre-empt LP path; b) AIS temporary on building restored 
HP path; c) passthrough connection on building re- 
stored HP path; d) bridge operation execution; and e) 
switch operation execution. 

[0040] The possible combinations in case of a single 
ring failure are the followings (e.g., "+ d" means "execu- 
tion of a bridge connection", d" means "removal of 
bridge connection"): 

RSM phase I (operations + a + b + c), RSM phase 11.1 
(operations + d - b), RSM phase II.2 (operation + e), 
RRM phase III (operation - e), RRM phase IV (opera- 
tions - d, -c, -b), RRM phase V (operation - a). 
[0041] The possible combinations in case of multiple 
ring failures are: 

RSM phase I (operations + a + b + c), RSM phases 11.1 
& II. 2 (operations +d + e - b) t RRM phase III (-e -d - c + 
b) and RRM phases IV & V (- b - a). 
[0042] Similarly to block FLM, also block TSM com- 
prises two routines. The first block TSM routine provides 
and pre-elaborates data necessary for the further 
processing of traffic maps. Essentially, from the MP and 
LP traffic maps, it builds internal structure data which 
are more suitable for algorithm processing. 
[0043] The second routine of block TSM constitutes 
the real path restoring algorithm. It is called whenever 
a change of fault location information occurs both for oc- 
curring or clearing of a ring failure. It processes the traffic 
maps according to the position of the failure in order to 
obtain: i) the restored .HP paths to be built on protection 
channels; ii) the AIS DROP table data, by comparing the 
built HP paths with the LP traffic map; and iii) the AIS 
TRANSMISSION, PASS-THROUGH, BRIDGE, 
SWITCH tables data, by analyzing the built HP paths. 
[0044] The above operations are executed sequen- 
tially twice: once for clockwise path direction and the 
other one for counter-clockwise path direction. Each 
elaboration loads one of the two table sides: WEST side 
or EAST side. 

[0045] The input data are substantially the node iden- 
tifier, the ring map, the HP traffic map (clockwise and 
counter-clockwise direction) and the LP traffic map on 
current node (clockwise and counter-clockwise direc- 
tion). 

[0046] Via the routine called during every provisioning 
change, TSM pre-processes HP traffic maps as to ob- 
tain the list of all the paths present in the ring expressed 
in terms of source and destination node identifiers ac- 
cording to clockwise and counter-clockwise directions. 



Receiving the information of the failed span, TSM algo- 
rithm executes the following basic steps: storing the fail- 
ure; individuating the paths affected by the failure (at 
maximum one for every AU4time slot) and, lor each af- 
$ fected path, constructing and storing the corresponding 
protected path. A protected path has as source and des- 
tination points the same nodes of the correspondent 
provisioned HP path and as pass-through points all the 
other nodes not carrying provisioned HP path. Thus 
to TSM builds two "protected" maps: a counter-clockwise 
protected map corresponds to clockwise provisioned 
paths; a clockwise protected map corresponds to coun- 
ter-clockwise provisioned paths. These basic opera- 
tions are executed whenever occurs the first ring failure. 
75 [0047] For the second and further failures TSM, ana- 
lyzing now the current protected map, executes the fol- 
lowing actions: storage of failure; individuation of the 
protected paths affected by the failure; construction and 
storage of the new two protected maps eliminating from 
20 the previous ones the paths that result interrupted by 
the occurrence of the new failure and keeping the other 
ones. 

[0048] In case of clearing of a ring failure, TSM exe- 
cutes the following actions: clearing of the failure and 
25 updating of remaining failure list; construction and stor- 
age of the new protected maps obtained starting from 
the initial provisioned HP traffic map and executing the 
algorithm more time in cascade. TSM recursively exe- 
cutes the basic algorithm for a number of steps coinci- 
de dent with the number of remaining failures giving to it 
one a time the stored failures in a unimportant se- 
quence. 

[0049] TSM furnishes on five output tables the results 
of processing. The output tables are organized one for 
35 each basic ring switching operation. They are: AIS 
DROP, AIS TRANSMISSION, PASS-THROUGH, 
BRIDGE and SWITCH. The protected maps represent 
the basis from which are extracted data for the construc- 
tion of TSM output tables. 
40 [0050] AISJDROP, PASS-THROUGH, BRIDGE, 
SWITCH tables are loaded in a static way analyzing cur- 
rent protected maps, AIS_TRANSMISSION table is 
loaded in a dynamic way obtaining data from the com- 
parison of the current protected map and the protected 
45 map of the previous step. 

.[0051] In view of the above description, it is clear that 
the method according to the present invention is capa- 
ble of optimizing the availability of low-priority channels 
in a fiber optic transoceanic MS-SPring. In other words, 
50 it is able to automatically and substantially without any 
time deiay : re-route the HP path on LP channels should 
a failure occur, while maintaining the LP channels which 
do not need to be dropped. In the event of a plurality of 
failures, if an HP path could not be established even us- 
55 jng the protection fiber, the LP channels would be left 
unchanged. 

[0052] It is evident to a person skilled in the art, in view 
of the above description, that several modifications, ad- 
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aptations and replacements can be made, with all of 
them being understood as falling within the scope of the 
following claims. 



Claims 

1 . Method of optimizing, in the presence of failure : the 
availability of low-priority channels in a fiber optic 
transoceanic MS-SP ring, said ring comprising fo 
high-priority fibers or channels and low-priority fib- 
ers or channels, high-priority paths and low-priority 
paths being respectively provided along said chan- 
nels, a source or traffic insertion node, a destination 

or traffic drop node and one or more intermediate is 
nodes being provided for each path, said method 
comprising the step of 

determining the status of a node in relation to 
the other ring nodes by processing the k-bytes re- 
ceived from at least one side of the ring, and/or pos- 20 
sible alarm conditions and/or possible commands 
and, in case of failure along the high-priority path, 
the phases of: 

I) building a new high-priority path by using the 25 
low-priority channels and pre-empting said low- 
priority channels; and 

II) restoring the high-priority path, 

wherein only the low-priority channels strictly nec- 30 
essary for building the new high-priority path are 
used, while those which do not need to be pre-empt- 
ed are maintained nullifying the time during which 
the low priority paths to be maintained are tempo- 
rarily lOSt. 35 

2. Method according to claim 1, characterized in that 
phase I comprises the steps of: 1.1) forcing an alarm 
indication signal (AIS) at the high-priority path in- 
sertion node on the corresponding path channel *o 
time slot in the direction which will be followed by 

the new high-priority path; 1 .2) carrying out a pass- 
through to interconnect the new path, at all interme- 
diate nodes of the new high-priority path; and 1.3) 
carrying out a squelching operation at the terminal 45 
drop node. 

3. Method according to claim 1 or 2, characterized in 
that said phase II) comprises the steps of: 11.1) car- 
rying out a bridge operation at the high-priority path 50 
insertion node and removing the previously inserted 
alarm indication signal; and 11.2) carrying out a 
switching operation at high-priority path drop node. 

4. Method according to claim 1, 2 or 3 wherein the 55 
choice of the low-priority path to be maintained is 
carried out by processing data, such as the contents 

of the received k-bytes, and high-priority traffic 



maps provided at each ring node to establish the 
exact location of the failure and successively, ac- 
cording to the failure location, by comparing such 
data with a table indicating, for each failure, which 
low-priority channel must be eliminated. 

5. Method according to any of the preceding claims, 
characterized in that phases I and II are followed by 
the phases of: 

III) re-connecting the high-priority path on the 
working channels; 

IV) deleting the high-priority path on the protec- 
tion channels and re-building the provisioned 
high-priority paths; and 

V) restoring the high-priority paths. 

6. Device for optimizing the availability of low-priority 
channels in a fiber optic transoceanic MS-SP ring, 
characterized in that il comprises means (TMM) for 
managing the transoceanic MS-SP ring and one or 
more distributed actuators (TMA) which carry out 
the operations upon command from said manage- 
ment means (TMM), said management means 
(TMM) in turn comprising protocol management 
means (PM) sending high-level events to a failure 
management block (FLM) and time slot manage- 
ment means (TSM). 

7. Device according to claim 6, characterized in that 
said failure management means send commands 
to said actuators means (TMA). 

8. Device according to claim 6 or 7, characterized in 
that said time slot management means send AU4 
tables to the actuator means (TMA). 

9. Device according to any of claims 6 to 8, character- 
ized in that said protocol management block (PM) 
determines the status of a node in relation to the 
other nodes of the ring by processing the k-bytes 
received from at least one side of the ring, and/or 
possible alarm conditions and/or possible com- 
mands/simulations. 
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Fig. 2 
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